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THE BEHAVIOR OF MELANOCYTES IN INFLAMMATION*
CHRISTOPHER M. PAPA, M.D.** .uD ALBERT M. KLIGMAN, M.D., PH.D.
Although histopathologists have keenly cata-
logued the reactions of the epidermis and its
keratinocytes in a great variety of inflamma-
tory disorders, the pigment-forming cells have
been traditionally ignored. This neglect is curi-
ous in view of the very substantial knowledge
of the biochemistry, ultrastructure and physi-
ology of the melanocyte. Light-microscope cy-
tology seems simply to have been by-passed,
although a more distinctive cell can hardly be
imagined. Melanocytes make up every fifth to
tenth cell of the basal cell population (1). It is
unlikely that these cells would remain struc-
turally indifferent when the surrounding kera-
tinocytes display such diverse changes as
degeneration, hypertrophy, increased prolifera-
tion, etc. Perhaps the failure of melanocytes to
stain well with hematoxylin and eosin (H. and
E.) accouts for this gap in melanocyte study.
This study is a survey of the melanocyte re-
sponses in experimental inflammation and in
inflammatory dermatoses. It is important to
note that the skin diseases investigated are not
among those usually designated as pigmentary
disorders, yet each apparently exerts a decided
effect on the pigment-producing cells.
Procedures
1. Experimental Chemical Inflammation. Chronic
contact dermatitis of the primary irritant type
was produced in 10 healthy white subjects by im-
mersing one hand and forearm into 0.75% sodium
lauryl sulfate (S.L.S.) solution at 40°C one hour
daily for 45 to 55 days. Water at 40°C was used
on the control side. The S.L.S.-treated skin passed
through an extremely inflammatory phase followed
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by gradual "hardening," at which time biopsy
specimens were taken from the volar surface of the
forearm. A few subjects experienced a moderate
darkening of the skin. A 1 to 2 cm2 split thick-
ness, shave biopsy specimen of the skin was ob-
tained and processed by a modification of the
Staricco-Pinkus technic. (2) The epidermal sheet
was separated by immersion of the specimens
in 2N sodium bromide for 12 hours. This was
then incubated in 0.1% DOPA (dihydroxyphenylal-
anine) in pH 7.8 phosphate buffer at 37°C, for
3 separate changes of two hours each. The speci-
men was mounted, dermal side up, for direct
microscopic viewing. Melanocyte counts were
performed under 450 X magnification using an
ocular grid.
2. Spontaneous Dermatoses. Twelve patients of
the University Dermatology Clinic, with a variety
of inflammatory skin diseases, were studied. The
lesions had received no treatment. With the ex-
ception of the case the lichen sclerosus et atrophi-
cus, they were neither hypo- nor hyperpigmented.
Split thickness samples were obtained and proc-
essed as above. In addition, thin (3—5 mm) excised
biopsy specimens were fixed in neutral buffered
formalin for one hour. The intact pieces were
then treated with DOPA and refixed in formalin
overnight. Transverse sections were prepared and
stained with H. and E. This procedure permitted
histopathologic confirmation of the diagnoses and
provided yet another vantage point for visualizing
the melanocytic relationships.
Biopsy specimens were taken from a single char-
acteristic lesion, usually from the non-exposed area
of the torso. Specimens of the neighboring unin-
volved skin provided the control material except
where precluded from study by the universal
distribution of the disease.
RESULTS
1. Experimental S.L.S. Inflammation. The
most conspicuous change in skin chronically ir-
ritated by S.L.S. was a great increase in the
density of melanocytes per unit surface. Al-
though individual counts varied greatly, there
was a mean increase of approximately 100%.
(The mean control count was 1,070 per mm as
compared to 1,980 per mm for the treated side.)
The intensity of the dope reaction was uni-
formly increased. Moreover, the cell bodies
were larger and gave rise to dendrites which
were stouter, longer and more intricately
branched. In sum, the characteristic melanocyte
response was hyperplasia and hypertrophy
strongly suggesting increased function (Fig. 1).
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TABLE I
Melanocyte counts in spontaneous dermatoses
DISCOID LUPLIS ERYTHEMATOSUS
PSOR/A S/S
'I
LICHEN PLANt'S
LICHEN SCLEROSUS fT ATROPHICtIS
ATOP/C DERMATITIS
SEBORRHEIC DERMATITIS
ERYTHEMA NODOSUM
PORPHYRIA CU TA NE4 TARDA
PITYR/ASIS RUSR4 P/L4R/5
CONGENITAL /CHTHYOS/FORM
fRY THRODERMA
MELANOCYTES PER MM2
CONTROL LESION
2. Spontaneous Dermatoses. As in experi-
mentally inflamed skin the typical reaction was
increased number and size, cytologic elaborate-
ness and enzymic intensity, of the melanocytes.
(Table I, Figs. 2—5). In a previous study, Szabo
also found a significantly higher number of
melanocytes in one of two cases of psoriasis,
and one case of poikiloderma (1).
In the dermatoses, the morphologic altera-
tions of the individual pigment cells was often
quite striking. In lichen planus, lupus erythem-
atosus and lichen sclerosus et atrophicus, the
melanocytes were often bizarre in appearance,
having curious and variable shapes with
peculiarly branched dendrites. On the other
hand, where the epidermis was scarcely in-
volved, as in erythema nodosum, there was
only a moderate increase in density of rather
normal-looking melanocytes.
DIScIJssI0N
The epidermal melanocytic system is appar-
ently a sensitive barometer of inflammatory
conditions of the skin. The characteristic
changes were threefold: 1) increased density,
2) increased enzymic activity by the dopa
technic and, 3) hypertrophy, manifested by in-
crease in size of the cell body, with an aug-
mentation of the dendritie processes as regards
thickness, length and branching. Abnormal,
peculiar cell shapes with bizarre dendrites are
produced when the underlying inflammatory
process is severe. The sum of these changes is
that of a structurally amplified melanocytic
system. This increase occurs even though the
epidermis per se may react with atrophy, as in
lichen selerosus et atrophicus. This suggests a
dissociation between the responses of the
keratinocyte and the melanocyte.
None of the conditions studied are ordinarily
classified as diseases of pigmentation, and, in-
deed, there was no visible hyperpigmentation
in our cases. It thus becomes apparent that
the number of melanocytes and their dopa
activity provide no indication of the clinical
state of pigmentation. Awareness of the exist-
ence of the epidermal melanin unit (3) is
decidedly useful in understanding whether the
clinical outcome will involve a change in pig-
mentation. This concept specifies that each
melanin synthesizing cell supplies pigment to a
neighboring complex of kcratinocytes. The
physiologic condition of the keratinocyte plays
a determining role, not merely a passive one,
in the quantity of melanin it shall receive from
the donor cells. There is an active functional
partnership between the melanocyte and the
keratinocyte. We shall consider this interaction
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Fm. 5. Dopa-stained epidermal sheet in lichen planus. The melanocytes have bizarre
shapes with unusually extravagant dendrites. (N 400)
in more detail in a subsequent paper. Suffice it to
say that clinical pigmentation depends on the
cargo of melanin in the keratinoeyte and not
solely upon the numbers and activity of the
melanocyte. Staricco and Pinkus have inci-
dentally commented that, in some inflammatory
diseases, little or no melanin is found in the
keratinocytes, while the melanoeytes are large,
highly dendritic and crowded with melanin
granules (2).
Some remarks are in order concerning the
interpretation of increased density of melano-
cytes. Although this appears to represent a true
population increase, there are, nevertheless, al-
ternative explanations. The most important of
these is the possibility that the normal epi-
dermis contains significant numbers of non-
functioning, amelanotic melanocytes similar to
those demonstrated by Staricco in the external
root sheath of the hair follicle (4). Our efforts
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to demonstrate these by supra-vital staining
with methylene blue have failed; that is to say,
the counts were not higher by the dopa technic.
We believe that all of the epidermal melano-
cytes are pigment-producing, though not neces-
sarily to the same degree.
Additionally, the method of counting melano-
cytes in separated sheets of epidermis is
attended by certain technical and optical diffi-
culties. Normally the melanocytes appear con-
centrated in the rete ridges; this, however, is
an artifact stemming from the increased der-
Fic. 6. Transverse section of psoriasis stained by the combined dopa-il. & E. technic. The
proportion of melanocytes is unequivocally increased. The greater density per unit surface
in epidermal sheets reflects both the papillomatosis and a true increase. (X 250) Arrows in-
dicate some of the dark, dopa-stained melanoeytes in the basal cell layer.
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mal-epidermal surface of the downward pro-
jecting ridges. With papillomatosis, therefore,
the count per unit surface must inevitably be
increased, assuming no actual change in the
proportion of melanocytes to keratinocytes in
the basal layer. To determine whether the in-
crease in papillomatous lesions, such as psoriasis,
is apparent or real, one can resort to estimating
the proportion of melanoeytes to keratinocytes
in dopa-H. and E. transverse sections. This was
done in several instances and, though actual
ratios were not established, there was no ques-
tion but that the proportion of melanocytes
to keratinocytes was truly increased (Fig. 6).
Of course, the hypertrophic changes in individ-
ual cell architecture and enzymie activity
cannot be affected by the consideration of the
papillomatous artifact. Further evidence in
support of a true increase in melanoeyte density
is illustrated by the findings in atrophic con-
ditions where the epidermal ridges are re-
tracted, as in lichen sclerosus et atrophicus
and lupus erythematosus.
Another possibility is that the melanocyte
increase is a relative effect resulting from the
loss of keratinoeytes. We can think of no way
to examine this alternative experimentally.
The response of the melanoeyte system after
ultraviolet radiation is disputed, even though
this is an excellent tanning stimulus. Miller-
Milinska and Starieeo found a decrease follow-
ing radiation (5). However, unpublished studies
by Mizuno in our laboratory have shown an
unmistakable increase, often a doubling within
ten days after a single exposure (6).
It may be noted that the control melanoeyte
counts of the clinic patients tend to be lower
than previously published mean values (1, 2).
They fall, however, within the normal range
and probably reflect both subject and technical
variations. Their nse as controls is, nonetheless,
valid, since the normal and pathologic speci-
mens were obtained at the same time and
processed together.
SUMMARY
The characteristic response of epidermal
melanocytes in inflammatory skin conditions is
both a hyperplasia and a hypertrophy of the
pigment cells. The direction of these alterations
is unaffected by the changes in the epidermis,
whether atrophy or acanthosis results. The in-
crease in melanocyte density and activity bears
no relationship to the state of clinical pig-
mentation.
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DISCUSSION
Da. DAPHNE A. Rox, Ithaca, N. Y.: In the
studies of the various inflammatory diseases,
and the melanocyte counts per unit area, Dr.
Papa did not comment on the range of values
in the different studies. It appeared to me
from the table, that there was a good deal of
overlap; and he did not account for these values
in terms of standard deviation.
DR. WALTER F. LEVER, Boston, Mass.: I
would like to ask Dr. Papa two questions.
First, did you observe mitotie figures among
the melanoeytes in view of the fact that their
number was greatly increased? Second, did you
observe any melanoeytes in the dermis? I am
asking this question particularly in view of
Dr. Okun's finding that, in the hyperpig-
mented skin of chronic dermatitis and lichen
planus, melanocytes are present in the upper
dermis (J. Invest. Dermat. 44: 285, 1965).
DR. Y. MISHIMA, Detroit, Michigan: Did
you observe any age differences in the response
of the enzymieally active melanoeyte popula-
tion to the various inflammatory conditions
which you studied, since we know that the
melanoeyte population differs with age?
Secondly, did you observe any response of
hair melaaocytes, particularly the amelanotie
melanoeytes of the outer sheath layer to various
inflammatory stimuli?
DR. JosEPH S. McGUIRE, JR., New Haven,
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Conn.: There are two possible conclusions from
this work: there has been an activation of
tyrosinase with no change in the number of
melanoeytes or there has been an increase in
the absolute number of melanocytes.
You would have to do a silver stain to score
the number of mclanocytes, which is not neces-
sarily reflected by the counts obtained after
the dopa reaction. We refer to dopa-staining
cells as if they represent the absolute number
of melanocytes in the skin and I think we
can't do this.
Du. CHRISTOPHER M. PAPA (in closing): To
answer Dr. Roe's question, the melanoeyte
counts of botb the uninvolved and dermatitie
skin fall within tbe range of normal values
previously reported by Dr. Pinkus and Dr.
Szabo. Since the patient provided tke control
values from non-affected, neighboring skin, the
differences in pigment cell density are valid for
each individual. Similarly, this would account
for the age variations which concern Dr.
Misbima.
Melanocytes appeared to be present in the
upper dermis in the very severe inflammatory
lesions of lichen planus and lupus erythematosus.
However, there was also a great deal of pigment
dumping, and without further differential histo-
chemical teebnies, we would be hard pressed
to distinguish the dopa positive cells from mast
cells and melanophages with certainty. We did
not visualize melanoeytes undergoing mitotic
division.
We used the metbylene blue technic, rather
than silver stains, to ascertain whether we were
dealing with a population of amelanotie
melanoeytes in the epidermis. Since these counts
in the uninvolved and dermatitie skin, agreed
with the dopa-proeessed specimens we feel that
a true population increase followed the in-
flammation.
